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REMARKS 

Status of the Claims 

Claims 1-4, 6-9, and 13-24 are pending in the present appHcation. Claims 5, 10, and 12 
are presently canceled. Claim 11 was previously canceled. Claims 14, 17-19, and 22-24 are 
withdrawn as directed to a non-elected invention. Claims 1, 3, 4, 6, 15, and 16 are amended. 
Support for the amendments is found tliroughout the application as originally filed including on 
page 21, page 18, and in previously pending claims 5, 10, and 12. No new matter is entered by 
way of this amendment. Reconsideration is respectfully requested. 

Issues Under 35 U.S.C. § 112, first paragraph 
Written Description 

Claims 1-10, 12, 13, 15, 16, 20, and 21 are rejected under 35 U.S.C. § 112, first paragraph, 
as allegedly failing to comply with the written description paragraph, see Office Action, pages 2-4, 
item 4. Applicants respectfijUy traverse. 

Specifically, the Examiner states that there is insufficient written description to demonstrate 
support for the genus of fibronectin fragments or polypeptides having a substitution, deletion, 
insertion, or addition to one or more fibronectin firagments that comprise a cell adhesion activity 
and/or a heparin binding activity. The Examiner does not believe that an ordinary artisan at the time 
of the invention could have envisioned the •••mernbefs of the described genus of fibronectin 
firagments. 

In an effort to expedite prosecution the claims are amended to cancel the subject matter that 
the Examiner believes is not supported by the present application, hi addition, independent claim 1 
is amended to specify a recombinant fibronectin firagment, wherein the recombinant fibronectin 
firagment is a polypeptide comprising at least any one of the amino acid sequences shown in SEQ 
ID NOs: 1 to 20 and 25 of tiie sequence fisting. AppHcants submit that an ordinary artisan is able 
to envision the genus of fibronectin fragments encompassed by independent claim 1 and the 
dependent claims incorporating this genus. In view of the foregoing, the rejection is overcome 
and withdrawal of the rejection is respectfully requested. 
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Enablement 

Fibronectin Fragments 

Claims 1-10, 12, 13, 15, 16, 20, and 21 are also rejected under 35 U.S.C. § 112, first 
paragraph, as allegedly lacking enablement, see Office Action , pages 4-6, item 5. Applicants 
respectfially traverse. 

Specifically, the Examiner states that the originally filed application fails to provide 
sufficient examples, which demonstrate that tlie broad genus of fibronectin firagments described in 
the present claims may be used to increase the number of cytotoxic cells. In particular, the 
Examiner states that tlie specification describes an N-terminal Type 1 repeat of fibronectin 
comprising a heparin binding domain. However, according to the Examiner, the instant 
specification provides insufficient guidance as to what sequences firom this region may be used to 
increase the number of cytotoxic cells. 

hi an effort to expedite prosecution, claim 1 is amended, as described above, to specify that 
the recombinant fibronectin fragmients comprise SEQ ID NOs: 1 to 20 and 25. These sequences are 
described in tlie present application as having cell binding and/or heparin binding activity, see, for 
example, pages 13-15. The specification fiirther teaches that sequences having these activities may 
be used to increase cytotoxicity, see, for example, pages 8-9 of the originally filed appUcation. 
Accordingly, Applicants believe the rejection is overcome and respectfully request withdrawal 
thereof 

Precursor Cells 

Tlie Examiner further alleges that only peripheral blood mononuclear cells are suitable 
precursor cells for differentiating cytotoxic lymphocytes, see Office Action, item 5, page 6. 
According to the Examiner, the additional cell types encompassed by the present claims (e.g., 
umbilical cord blood mononuclear cells) may not predictably be used to fonn cytotoxic 

lymphocytes. 

In particular, the Examiner indicates that the use of umbilical cord blood mononuclear 
cells for differentiation into a c)^olytic lymphocyte population with fibronectin and IL-2 is 
unpredictable. To support this contention, the Examiner cites Lucivero et al., Int. J. Clin. Lab. 
Res., 1996, 26:255-261, ("Lucivero"), which allegedly teaches that umbilical cord blood 
lymphocytes are different in phenotype and fianction from lymphocytes of normal adults and 
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display a functionally immature phenotype. The Examiner further asserts that Lucivero teaches 
that anti-CD3 stimulants fail to induce proliferation of cord blood lymphocytes. Accordingly, 
the Examiner asserts that differentiation of cord blood lymphocytes into a population of cells 
comprising eiihanced cytolytic activity would be highly unpredictable. 

An ordinary artisan would have recognized from the present specification and the art 
known at the time of the invention that umbilical cord blood mononuclear cells could have been 
used with the claimed methods 

Independent claim 1 is amended to specify that the precursor cells are peripheral 
mononuclear cells and umbilical cord blood mononuclear cells. 

As noted above, the Examiner indicates that an ordinary artisan recognizes that peripheral 
mononuclear cells may be used with the claimed methods. However, the Examiner believes that 
an ordinary artisan would not have recognized that urnbilical cord blood mononuclear cells could 
also have been predictably used. In contrast to -the Examiner's assertions, Applicants submit that 
an ordinary artisan would have understood from the present application and the art known at the 
time of tlie invention that umbilical cord blood mononuclear cells would have been a suitable 
precursor population for differentiation into cytotoxic lymphocytes. 

In support thereof, Applicants submit herewith, D.L. Nelson et al., "The Production of 
Soluble and Cellular Interleukin-2 Receptors by Cord Blood Mononuclear Cells following In 
Vitro Activation," Pediatric Research, 1986, vol. 20, no. 2, pp. 136-139j ("Nelson"), which 
was published prior to the filing date of the instant application. 

Nelson teaches that peripheral mononuclear cells or umbilical cord blood mononuclear 
cells may be cultured in a medium containing 0KT3, which is an anti-CD3 antibody, to obtain 
activated cells. Nelson further teaches that IL-2R is increased in activated umbilical cord blood 
mononuclear cells. Applicants submit that, at the time of the invention, an ordinary artisan 
would have recognized that IL-2R, which is expressed on the surface of an activated T cell, is a 
marker for activation. That is, upon expression of IL-2R, cytokine production, cytotoxic activity, 
prohferation or the like is activated, see page 4, lines 18 to 20 and page 25, lines 12 to 15 in tlie 
originally filed application. See also Example 25, page 95, of the originally filed application. 
Accordingly, an ordinary artisan would have understood at the time of the invention that IL-2R 
expression is an indicator of cj'totoxic lymphocyte formation. Therefore, an ordinary artisan 
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would have recognized fi-om the state of art and Nelson that peripheral mononuclear cells or 
umbilical cord blood mononuclear cells may be cultured, using the same medium, to obtain 
cj^otoxic lymphocytes. 

Applicants further submit that one of ordinary skill would have known, as a matter of 
fact, that both peripheral mononuclear cells and umbilical cord blood mononuclear cells are 
monocytes and that these cells have similar characteristics and properties. Accordingly, one of 
ordinary skill in the art would have readily understood from Nelson and the present application 
that the production of cytotoxic lymphocytes could have been accomplished by culturing 
peripheral mononuclear cells or umbilical cord blood mononuclear cells in the same medium. 

The Examiner further asserts that anti-CD3 antibody stimulation is not essential to the 
proliferation and induction of umbilical cord blood mononuclear cells, solely on the basis of 
Luciverto. However, although Luciverto allegedly teaches that anti-CD3 stimulants fail to 
induce proliferation of cord blood l3T.Tiphocytes, an ordinary artisan would have recognized 
from other art known at the time of the invention, such as Nelson, that cytotoxic lymphocytes 
may be produced firom umbihcal cord blood mononuclear cells by anti-CD3 antibody 
stimulation. Accordingly, Applicants submit that the Examiner supports his contentions using 
technical information in an unreasonably narrow manner. 

In view of the foregoing. Applicants submit that the present application adequately 
supports the amended claims. Withdrawal of the rejection is respectfully requested. 

Issues under 35 U.S.C. § 103(a) 

Darfler, Ochoa, CardarelU, Taguchi, and, optionallv, Chen 

Claims 1-10, 12, 13, 15, and 16 are rejected under 35 U.S.C. § 103(a) as allegedly obvious 
over PCT PubHcation No. 88/02774 to Darfler, ("Darfler"), in view of Ochoa et al. Cancer Res., 
1989, 49:963-968, ("Ochoa"), CardareUi et al. Cell Immunol, 1991, 135:105-117, ("Cardarelli"), 
and U.S. Patent No. 5,198,423 to Taguchi et al, ("Taguchi"), see Office Action , pages 6-8, item 7. 

Claims 20 and 21 are rejected under 35 U.S.C. § 103(a) as allegedly obvious over Darfler, 
Ochoa, Cardarelli, TagucM, and U.S. Patent No. 5,198,423 to Chen et al, ("Chen"), see Office 
Action, pages 8-9, item 8. The above described rejections are respectfially traversed. 
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Basis for the Rejection 

According to the Examiner, Darfler describes incubating Peripheral Blood Mononuclear 
Cells, ('TBMCs"), in serum-free media with lL-2 to obtain lymphokine activated killer cells, 
("LAK"). The Examiner admits that Darfler does not describe using fibronectin to obtain 
differentiated cells. However, the Examiner believes that Ochoa and Cardarelli remedy this 
deficiency. The Examiner states that Ochoa describes adding anti-CD3 antibodies to boost 
proliferation wliile maintaining LAK activity. The Examiner further states that Cardarelli teaches 
adding immobilized fibronectin and IL-2 to PBMC. cultures stimulated with anti-CD3 antibody in 
the presence of seram-firee media to enhance prohferation and IL-2R expression of T lymphocytes. 
Taguchi is cited for describing a biologically active recombinant fibronectin firagment comprising 
SEQ ID NO: 13. Chen is cited for describmg transduction of a foreign gene into a cell. 

Legal Standard for Obviousness 

The burden is on the Examiner to make a prima facie case of obviousness, which requires 
an objective analysis as set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966). In KSR International v. Teleflex Inc., 82 ljSPQ2d 1385 (2007), the Court affirmed that 
this analysis includes the following factual inquires: (1) determining the scope and content of the 
prior art; (2) ascertaining the differences between the claimed invention and the prior art; and (3) 
resolving the level of ordinary skill in the pertinent art. The Examination Guidelines for 
Determining Obviousness Under 35 U.S.C. § 103 in view of the Supreme Court Decision in KSR 
International Co. v. Teleflex Inc. state that, having uite-taken the factual inquires of Graham, a 
rejection under 35 U.S.C. § 103 may be supported by one or more of the following rationales: (1) 
combining prior art elements according to known methods to yield predictable results; (2) simple 
substitution of one known element for another to obtain predictable results; (3) use of a known 
technique to improve similar devices in the same way; (4) appljdng a known teclmique to a 
known device ready for improvement to yiold predictable results; choosing fi-om a finite number 
of identified, predictable solutions, with a reasonable expectation of success; (5) variations tliat 
would have been predictable to one of ordinary skill the art; and (6) some teaching, suggestion, 
or motivation in the prior art that would have led one of ordinary skill to modify the prior art 
reference or to combine the prior art reference teachings to arrive at the claimed invention. 72 
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Fed. Reg. 57526, at 57529 (October 10, 2007). Each of the above-noted rationales requires 
predictability in the art and/or a reasonable expectation of success, and the Examiner must 
consider objective evidence, which rebuts such predictability and reasonable expectation of 
success. This objective evidence or secondary considerations may include unexpected results 
and/or failure of others (e.g., evidence teaching away from the currently claimed invention), 
evidence of commercial success, and long-felt but xmsolved needs, as found in the specification 
as-filed or other source. Id. Wlien considering obviousness of a combination of known elements, 
the operative question is "whether the improvement is more than the predictable use of prior art 
elements according to their established functions." KSR at 1396. 

The Instant Invention 

As amended, independent claim 1 is directed to a method for preparing a cytotoxic 
Ijanphocyte which method comprises the step of carrying out at least one step selected from the 
group consisting of induction from peripheral mononuclear cells or umbilical cord blood 
mononuclear cells which can be formed into the cytotoxic lymphocyte, maintenance of a 
cytotoxic lymphocyte and expansion of a cytotoxic lymphocyte, comprising culturing the 
peripheral mononuclear cells or umbilical cord blood mononuclear cells which have an ability of 
differentiating into the lymphocyte with a medium containing serum and plasma at a total 
concentration of 0% by volume or more and less than 5% by volume, in the presence of a 
recombinant fibronectin fragment, wherein the recombinant fibronectin fragment is a 
polypeptide comprising at least any one of the amino acid sequences shown in SEQ ID NOs: 1 to 
20 and 25 of the sequence listing wherein said fibronectin fragment comprises a cell adhesion 
activity and/or a heparin binding activity, and wherein a cytotoxic activity is enhanced or a high 
cytotoxic activity is maintained as compared to a cytotoxic activity of a cytotoxic lymphocyte 
prepared in the absence of the recombinant fibronectin fragment. 

An ordinary artisan could not have predictably achieved the claimed invention 
Applicants submit that an ordinary artisan at the time of tlie invention could not have 
reasonably predicted from the cited references that incubating a recombinant fibronectin fragment 
with peripheral mononuclear cells or mnbilical cord blood mononuclear cells in substantially 
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seram-free medium, as described in the instant claims, would result in enhanced cytotoxicity or the 
maintenance of a high cytotoxic activity. 

Cardarelli describes a native fibronectin. In contrast, the claimed method employs a 
recombinant fibronectin fragment. Moreover, Cardarelli does not teach that fibronectin enhances 
cytotoxicity, but only teaches that fibronectin enhances proliferation, see Cardarelli, which states 
that T cell proliferation is measured by determining the amount of ^H-thymidine uptake upon 
DNA synthesis of cells, see pages 107-108 of Cardarelli. In addition, Darfler's method describes 
using a compound for activating kinase C in order to obtain a serum-fi-ee medium, which has the 
equivalent fuiaction of a serum containing medium. However, kinase C activating compounds are 
not utilized in the claimed method. In view of the foregoing, an ordinary artisan could not have 
reasonably predicted that combihing the serum-free medium of Darfler with a recombinant 
fibronectin fragment in the presence of peripheral mononuclear cells or umbilical cord blood 
mononuclear cells could have resulted in enhanced cytotoxicity or maintaining a liigh level of 
cj^otoxicity. 

Applicants further submit that neither Taguchi,:. Ochoa, or Chen remedy this uncertainty. 
Therefore, in view of the foregoing, an ordinary artisan could not have reasonably predicted from 
the combination of cited references that the incubation of peripheral mononuclear cells or 
umbilical cord blood mononuclear cells in substantially serum-free medium, in the presence of a 
recombinant fibronectin fragment, could have enhanced or maintained a high level of 
cytotoxicity upon induction of the described precursor cells. 

Based upon the above, the claims are not rendered obvious by the cited references. 
Withdrawal of the rejection is respectfully requested. 

Sagawa, Johnson, Darfler, Freshnev and, optionally, Chen 

Claims 1-8, 10, 12, 13, 15, and 16 are also rejected under 35 U.S.C. § 103(a) as allegedly 
being obvious in view of PCT Publication No. WO 02/14481 to Sagawa et al, ("Sagawa"), as 
evidenced by the teachings of U.S. Publication No. 2005/0042208, which is the national stage 
appUcation of Sagawa, in view of Johnson cz/.; J. ■Immunol., 1992, 148:63-71, ("Johnson"), 
Darfler, and Freshney ed., IRL Press, Animal Cell Culture. A Practical Approach . 1986, pages 
26-41 , ("Freshney"), see Office Action, pages 9-10, item 9. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 



MSW/LTP/cjw 



Application No.: 10/568,745 

Reply to Office Action of July 12, 2010 



Docket No.: 1422-0709PUS1 
Page 13 of 16 



Claims 20-21 are rejected under 35 U.S.C. § 103(a) as allegedly being obvious over 
Sagawa, as evidenced by U.S. Publication No, 2005/0042208, Johnson, Darfler, Fresheny, and 
Chen, see Office Action, pages 10-11, item 10. The above-described rejections are respectfully 
traversed. 

According to the Exanainer, Sagawa describes inducing naive T cells to cytotoxic 
lymphocytes using a fibronectin fraginent. The Examiner acknowledges that Sagawa does not 
particularly describe using a serum-fi-ee medium. However, the Examiner states that Darfler 
remedies this deficiency. The Examiner believes that it would have been obvious to modify the 
method of Sagawa to include serum-firee medium since Darfler teaches the advantages of such 
media. Freshney is cited for teaching that serum-free medium was commonly used at the time of 
the invention in mammalian cell culture. Johnson is cited for teaching that isolated T cells, 
grown in the presence of serum-free medium, anti-CD3 antibody, and IL-2 results in increased 
proliferation. Chen is cited for teaching the transduction of foreign genes into T cells. 

Initially, Applicants note that Sagawa does not correspond to U.S. Publication No. 
2005/0042208 as described in the present Office Action, but to U.S. Pubhcation No. 
2004/0115809, see Infomiation Disclosure Statement, filed on June 7, 2010. U.S. Publication 
No. 2005/0042208 corresponds to PCT Publication No. 03/016511, which was published on 
February 27, 2003. , - ^ 

The Examiner has failed to establish a prima facie case of obviousness 
Claims 1-8. 10. 12, 13. 15, and 16 

The claimed uivention allows for the induction of cytotoxic lymphoc5^es, which can not 
be induced under serum-free or low-serum medium conditions, by using a recombinant 
fibronectin fragment in combination with such media. See also Example 25, page 95 of the 
originally filed apphcation. Applicants submit that an ordinary artisan would not have the proper 
rationale or have been motivated to combine the cited references as described in the instant 
Office Action since an ordinary artisan could not have reasonably expected that such 
combination could have predictably resulted in the induction of cytotoxic lymphoctyes. 

Sagawa teaches that cytotoxic lymphocytes are induced in the presence of a fibronectin 
fragment in a serum-containing medium. Sagawa's method, however, also employs an antigen 
presenting cell as an essential element. Applicants note that the claimed method does not require 
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an antigen presenting cell. Accordingly, the claimed method is completely different from 
Sagawa. Applicants further note that Darfler teaches that LAK cells are induced by adding a 
compoimd for activating kinase C in a serum-free medium, which is also not necessary to the 
instantly claimed method. 

Applicants submit that one of ordinary skill in the art would not have the proper rationale 
or have been motivated to combine Sagawa with Darfler. Due to the different essential elements 
described in Sagawa and Darfler, an ordinary artisan could not have been reasonably certain that 
merely substituting the serum-containing medium of Sagawa with the serum free medium of 
Darfler would have predictably resulted in cytotoxic lymphocyte induction from the naive T cells 
described in Sagawa. .. 

Johnson and Freshney fail to remedy this -unpredictability. Johnson describes isolated T 
cells, not the naive T cells described in Sagawa. Freshney merely describes that serum-firee 
medium is used in the general culture of animal cells, and never suggests the induction of 
cytotoxic lymphocytes using a serum-free medium. Accordingly, an ordinary artisan would not 
have the proper rationale or have been motivated to combine the methods of Johnson and 
Freshney with those of Sagawa. 

Applicants further note that the present claims describe peripheral mononuclear cells or. 
umbilical cord blood mononuclear cells. In contrast, Johnson describes isolated T cells. 
Accordingly, the starting material described in the claimed invention differs from that of 
Jolmson. 

Based upon the foregoing an ordinary artisan would not have the proper rationale or have 
been motivated to combine the cited references and such combination would have resulted in a 
method that is completely different from the claimed. invention. Accordingly, claims 1-8, 10, 12, 
13, 15, and 16 are not rendered obvious by the cited references. Withdrawal of the rejection is 
respectfully reqtaested. 



Applicants fiirther submit that dependent claims 20 and 21 are not rendered obvious by 
Sagawa, Johnson, Darfler, and Fresheny. Further, Chen fails to remedy the deficiencies of these 
references. Chen is merely cited for describing the fransduction of foreign genes into T cells. 



Clainis 20 and 21 
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Accordingly, Applicants submit that claims 20 and 21 are also not rendered obvious in view of 
the cited art. In view of the above, withdrawal of the rejection is respectfully requested. 

Non-Statutory Obviousness Type Double Patenting 

Claims 1-8, 10, 12, 13, 15, 16, 20, and 21 are provisionally rejected on the ground of non- 
statutory double patenting as allegedly obvious over claims 1-3, 5-7, 10, 12, 28, 29, 31-35, and 
37-39 of co-pending U.S. Application No. 10/509,055 in view of Jolinson, Darfler, and Fresheny, 
see Office Action , pages 11-12, item 12. AppUcants respectfully traverse. 

According to the Examiner, the cited claims fail to describe medium containing less than 
5% serum. However, the Examiner asserts that Johnson, Darfler and Fresheny remedy this 
deficiency. 

As noted above, Applicants submit that an ordinary artisan could not have reasonably 
expected that the cytotoxicity of differentiated peripheral mononuclear cells or umbilical cord 
blood mononuclear cells could have been enlianced or a high cytotoxicity activity maintained by 
incubating the described precursor cells with a combination of recombinant fibronectin fi-agment 
and serum fiee medixmi in view of Johnson, Darfler and Freshney. See also Example 25, page 
95 of the originally filed appHcation, as noted above, which demonstrates the results of the 
claimed invention. Accordingly, Applicants believe the rejection is overcome and respectfully 
request withdrawal. 
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CONCLUSION 

In view of the above amendment and remarks, Applicants believe the iastant application 
is in condition for allowance. Should there be any outstanding matters that need to be resolved 
in the present application, the Examiner is respectfully requested to contact L. Parker, Ph.D., 
Registration No. 46,046, at the telephone number of the undersigned below to conduct an 
intemew in an effort to expedite prosecution in connection with the present application. 

If necessary, the Director is hereby authorized in this, concun-ent, and future replies to 
charge any fees required during the pendency of the above-identified apphcation or credit any 
overpayment to Deposit Account No. 02-2448. 

Dated: OCT 0 7 2010 Respectfially submitted, 



Marc S. Weiner 
Registration No.: 32181 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
8110 Gatehouse Road, Suite 100 East 
¥:6. Bok 747 

Falls Church, VA 22040-0747 
703-205-8000 
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The Production of Soluble and Cellular 
Interleukin-2 Receptors by Cord Blood 
Mononuclear Cells following In Vitro Activation 



ABSTRACT. Cord UWd mononuclear c«lls (CBMC) w^ra 
investigated for their capacity to generate both cellular and 
soluble, SiifitrHMAtil IM^ThuidA-t r^t^iors (II./-2R) fol- 
Ii>wing ccllubsir M:liVatk>n in viVra. Soluble were 
iHOA&iU'tMl in cctt-frEC snperaatanr^ and in d^lergent-solu- 

bilized cell «xtra<;t.v with a ".sandwich" eireyroe-lihked Im- 
niunosnrb«nt as.<jay. CBMC »ni aduIt peripheral blood 

monnnuclear cell.-i were acrivated with phytohemaggliHinm 
or the murine monoclonal antibody 0KT3. CBMC and 
adult peripheral blood mononuclear cells generated cellular 
and soluble 1L-2K in response to both icilvators. Peak 
values for supernatant IL-2R were observed on day 7, 
vhile peak valueu of cell-associated IL-2R occurred on day 

5, follOiVtd by a decline Oa day 7. With the Exception of 

supernatant IL-2R pj-odiictioti induced hy OKT3 .•jtimula- 
liorv CBMC pr<)dDoed II^2R in artiourtfs comparable toi, 
adult mononuclear cells. Cord blood pbsina also conlauied 
arriourits of n^2R comparable to that found In adult sera/ 
plasma, Tlnis, CBMC appear largely IramunocompetErii 
with regard to the expresisiob of IL-2R, (Padiatr Res 20: 
136-139, i986) 

Abbreviaiiods 

CBMC, cord blood monondclcar cells 
interlquWn-J 

1L-2R, in(crleukin'2 rcccptorfs) 
FCS. fetal calf sertitn 

PBMC peripheral blood mononuclear cells 
HBS, pho.?pbate bufiered saline 

PHA^ pfiytnl»cmaggl(irihin 



The ijiimune responsiveness of neonatal T cells appears r^Ifi- 
(ivcly well developed. Neonatal T cdl.-; prrtliferaic iii response tn 
polyclonal aclivatOfS such us phyiohemagglutinin (PHA) (1} and 
also 10 certain antigens such as ccll-associaied alloaniigcns (2). 
Meonata) T oslli; are also CipaljIC Of providing both help and 
suppression for B-ccIl immunoglobulin respon-ses induced by 
polycldnal aclivaiors {3. 4) and also help and suppression for 
specific antibody responses by allogeneic B cells induced by 
nntiaens in vitro (5), Neonatal T cells are capable of inhibiting 
proliferative responses of adult T cells to certain stimuli — pre- 
sumably through both cellular and soluble mechanisms (6, 7). 

RcccivKi Jul) I , I'Wf: an:i:i>t.»<| S-splcnilnfr \K I OK.'!, 
Convspondcnfo and roprim requcsis should tx; addicisccl ;o David L. ncImSiI;' ' 
M.D.. Bids. I<), IVm. 'INl i;. National Irailuto of i K'.ilili, R<ih<KH, MD Wd^i 



Recently, the roW of the tymphokihe lL-2 in immune responses 
has been under intense investigation (8). lL-2, which supports 
the proliferation of activated T cells and B Cells (9). is secreted 
in normal amounts by PHA-activatcd neonatal T cells (10). 
While the normal proliferative re.$t>onsc5 noted above suggest 
that lL-2 expre,<Kion might be normal in neonatal T cells. .«ime 
conlrovcrty exists as to the presence of IL-2-indcpcf>dent rrtcch- 
anisms Of T-Cell proliferation ( II ) which might t>e efnplOyed by 
neonatal T cells. Therefore, we undertook an aiialy.\x'! of the 
expression of IL-2R by activated neonatal mononuclear ccHs in 
viifo using a newly developed enzyme-linked Immunosorbciil 
a<&3y 10 quantitatively measure both cellular and relea.'Wd 1L-2R, 



MATERIAL AND METHODS 

Pruparalion of cord blood and uduli pCfiphnml blood moiu>- 
mwkar celh. C'SmC and PBMC were prepared as previously 
de,scribed in detail by centrifugaiion on Ficoll-Hypaque gradients 
(5). Cord blood plasma and '4dtJlt plasma vvcrc prepared by 
cenirifugaiion Of hcparinizcd whole blood. 

Aiiiihodltf.s, The murine mon'odoital aiiti-IL-2R antibody 
termed anii-Tac (12) was the geiierous gifl of Dr, 'f. A. Wald- 
mann, KIH. The murine monoclcmal anii-U.-2R, 701*96, which 
binds to the 11,-2R at an epitope distinct from anti-Tac and IL- 
2. was produced and modified with fluorescein isothiocyanate as 
described (13). 

Cell culturt's and xiitmi/airi.\-. Cultures of CBMC and aduli 
PBMC containing 1 x 10* mononuclear cells in 2 ml of RPMI 
1640 srupplemcnled with 10% fetal calf scrum (FCS), penicillin 
100 U/ml, and s:ircptOmycin 100 jig/ml were cstahlished in 
individual welk of 24^-well plsttcs (Cosiar). Triplicate culiures 
were incubated for various times in a huifiidified atmosphere of 
5% COi in air at 37* C- CuUurcS were either ttnstimulated (media 
alone), or they contained PHA (OIBCO) at a final dilution of I / 
200 or the murine monoclonal antibody 0K.T3 (Ortho) at a final 
Concentration of 10 lig/m], Cultures were harvested by cemrifu- 
gation 8t. 550 X for 10 min and the supernalants removed. The 
remaining cells were washed Once in Dulbccco's phosphate bulf- 
cral Saline (PR.S) containing 25 mM Tris pH 7.4. The cell pelkt 
was .TOlubilizcd in 0.5 ml of Pa's containing 25 mM Tfis pH 7.4- 
containing 1% Triton X.lOO. Ipllowcd by centrifuRiUion in a 

microfugc (t:f Pt-NDORK) for 5 mln and recovcry^ of the super- 
natant. Culture Supematanls and dclcrgcnt-soKibilized cell ex- 
tracts were stored at -20* C until a.«ayed for 1L'2R, 

Enzyme-linked imiminosMm mayfiir ihe meamemmi of 
IL-2H, The enzyme-linked immunosorbent assay forsoldbic IL- 
2R was performed as! desciibed in detail (1 4). In brief, alternate 
columns oi' the inner 60 well.s of microliter plates were coaled 
with 150 ^,.1 of the monoclonal anii-IL-2R antibody. anti-Tae, 
suspcftdcd in carbonate buffer pH 9.6 at a conccniratlon of 1 
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^g/ml or bufter alone. Following overnight incubalion. ihc plates 
were washed and tOO' of sample was added to coaieci and 
cortlrol wells. Following a 2-h incubation at room temperature, 
the pMti were washed and all wells received lOO iH of a 1:4000 
dilution of fluorescem isothiocyahate-modiflcd 7G7B6 in PB$ 
containingTwetrt and i% FCS (PBS/Twccii/FCS). After a 2-h 
incubation. tTic plates were washed and 100 lA of a 1:1000 
dilution of alkaline pliosphatasc-eonjugaicd rabbit aftli-fluores. 
ccin isothiocvanale in PBS/Twecn/FCS Jidded lo all wells. After 
an additional l-h incubation, p-nitrophenylph6sphale(l KA/ml. 
Sigma) in dlcttianolamine buffcr pH 9-8 was added and the 
absorbsnce of the conljol wells was subtracted from the experi- 
mental wclJs; thi* absorbance value was conripaitd W absorbatices 
determined for « ststndard carve generated by the addition of 
varying amovms of IL-2R as previously described (15). The IL- 
2R st.ii^dard visa the cell-free Supernatant of an in viiro p.i5WBcd 
T-cell line whicli was assifitted a level of lOOO lL.2R/ml, 

CakiilaiUms. Oeomcttic means and $EM were calculated for 
the responses of groups of donors, and those values less than 
62.3 were assigned a value of 62.5 fur ihi; purposes of calcula- 
tions, Oifftrnnl grou{>s Were compared using Student's i test for 
nonpaircd value.<i. 

RESULTS 

Cellular and .Wi'mami IL-2R generation by CWC and 
PBMC Willi varhiiUxiimu/l. Prdvlous studies of Il>2R gencraiioh 
by aetivaltd adiilt PBMC tievcalcd thai cillular IL-2R expression 
peaked on daW 3-5 of culture while soluble Supernatant IL-2if{. 
levels were maximal on day 7 of culture (H). Therefore, we first 
examined the Cellular IL-2R prodtjction of stimulated CBMC 
and adult F5MC On day 5 of culture. As can be seen in Table i , 
when CBMC and adult PBMC were 4t!mulated wit!) PHA or the 
murine monoclonal antibody 0KT3. the cells of all donors 
expressed IL-2R on day 5 of Culture, Cells from some donore 
made IL-2R when stimtjlaled with culture fiiedium alone. There 
were difTeitiice."! among both adult and neoflatal individuals in 
terms Of the capacity to generate JL-2Rh aid "high respondcrs" 



Tiible 2, Slifiulus used to generate supemaian i 1L-2R* 
I5oiiOi- Media PllA 0KT3 



Table I. Stimihtsvmphycdio fte^mie cel l ular lL-2k* 
Donor Media . PHA 0KT3 



CBMC ft 1 
C"BMC(r3 
CBMC-<t3 
CBMC ir 4 

CBMC IV 6 

(X/- SEM) 

PUMC It 1 

PBMC .V i 
PBMC I. 5 
I'UMC IV 6 



103.9 

<62,5 
<52..'i 



766,8 
8474.7 
1583.9 
5030.0 
2042.2 

2424.6 
(1.4) 



i»t.U 



*Cellwlar IL.2R expression Ijy CBMC »'\d aduJl PBMC followins 
iiciivaiioii wiih vnrlous slimuh'. CBMC and PBMC were cultured m wra 
wiih mciibi, fH\. or 0KT3 for 5 d.iys. The ecll.iwcrc washfjO unfc in 
PBS eoinainlng 25 mM Tri» pH 7.4 (TBSJ and solutjili^asd in TBS 
cfimainlng 1% Triton X-lOO The nmnunt oriL-2R in the dcidWiu- 
solubili2cdc(:!li;.xlracls\^'«Bdolcmiincd using an iTOyrnC-Iinkcd immu- 
nowirhcnl a<i!ay (sec "Materials «rtd niethods"). 



CBMCrt 1 
CBMC « 2 
CBMC (V 3 
CBMC.' 4 
CBMCnS 
CBMC « 6 
Moiin 

(>«/+ SEM) 

PBMC .V I 
PBMC .V 2 
PBMC ,» 3 
PBMC ttl 
PBMC IT 5 
FBMC«6 



(X/* SEM) 



<62.5 
<62.3 
■e62.5 
<$2.S 
<62.5 

<fi2.5 



285.'> 
2619.2 
1010.9 
3270.6 
1797,7 
1317.7 
1342.8 



(1.3) 
,»0.6 



II < 0.Q.1 



* Supernatant 1L-2R prixHietion by CfiMC and adult PBMC. CBMC 
and aauk f'BMC WffC •.'uUured in rilm wltli tncdia, PMA. Of 0K.T3 for 
7 days. The superftaiains wefl- hsrvtwed and the amount of soluble IL- 
2R in the Suiternaiaill was dciermincd using an enzyme-linked iramu- 
iiosorbcnl iissay [See "Materials and mvlhods"), 



tended to make laiBcrquaotitiesof cellular IL-2R, with all stjmuli» 
including media alone, Witti all of the stitinuli tested, there wefe 
no signilicant differences between adult and neonatal mononu- 
clear cells for the generation of cell-associated rL-2R. When the 

supernatants of these same 5-d3y r.uliurcs wen; examined for 
soluble IL-2R, the mean (x/-^ SEM) values were as follows: 
CBMC-media 634 (1.0), PHA 1275 (1.5), 0KT3 271 (1.3); 
PSMC-mediB 58,9 (1.1), PHA 923 (1.4). and OKT3 725 (1.2). 
Again, for each .rtimulus tested, there was no siatisiioally signifi- 
cant differcsnce ( < 0.0 1) between CBMC and adult P3MC. We 
next examined the levels of soluble 1L-2R in the supemaiani of 
day 7 cultures from these same individuals. As can be seen in 
Table 2, activated CBMC and PBMC ail produced measurable 
1L-2RV Those individuals who had generated the most ccll- 
associiitcd 1L-2R on day 5 also produced the most supernatant 
1L-2R on day 7, With the e^tccption of iho response to 0KT3, 
there were no significant difTercnccs between CBMC and PBMC 
wkh regard to the generation of soluble IL-2R on day 7 following 
activation. When iht Cells frorn four of the CITBMC and four of 
the PBMC were studied for ccll-associaled IL-2R on day 7. the 
mean (x/-i- SEM) values were as follows! CBMC-media 62.5 
(1,0), PHA 773 (1.4), OKT3 151 (1,6); PftMC-media 151 (1.3), 
PHIA 509 < 1 .4), OKT 289 ( J . I ). Again, no statistically significant 
(p < 0.01) difrei<ences exi.Sletf between CBMC and adult PBMC. 

Time course of celkilar and .vipernaiani IL-2R ijroductiim 
following telliilar activatUm, While these Studies of cellular and 
'supernatant [L'2R production On days 5 and 7, re.<;pectivcly, 
suggested that iteonatal mononuclear cells were reasonably euin- 
petent with regard to the production of 1L-2R, we undertook 
cX[ocrimcnts to See if the lime course of cellular and supernatant 
IL'2R generalion might be temporally different for CBMC :is 
Opposed to adult PBMC, When six freshly isolated CBMC and 
aduH PBMC were examined for cellular IL-2R, no 1L-2R could 
lie measured (all samples < 62,5 U/ml). As can be seen in Figure 
I, the expression of cellular 1L-2R at various time points follow- 
ing activation with PHA was similar in CBMC and adult PBMC. 
Tit addition, the Rcneraiion of supernatant IL-2R a! variou.s 
intervals following aaivation of these same cells (Fig- 1 , ri^hi 
panel) was comparable in CBMC and adoU PBMC 
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I. Tirri« covTW of cellular and lupcrrtauini iL-iK production hy PHA-aeilvawd CMJJC and adiiU PBMC In *irfu, CBMC {•) and PBMC 

re cultured with media along ) or TI-lA (— ) for V3rlf>i).<. timrj jwiwii in vitro. DcterficnLsoluKiliiaStl (relit (ti^fl) and cell-frisc wJturc 

nalyj-ci,! fk'f IL-2R by cnxymc-Ilnkcd iramunosorbem assay (sec "Malcrijis and mcihcxls"). 
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I -cvHso/l I.-2R in cord bkmcl iihxwu. As normal adults possess 
resting serum/plasmii Itviiis of {Kubin LA, Kurman CC, 
Fritt ME. Yarclioan R, Nclspn Dt, unpublished data), we de- 
lerrhinCd Iht plasma levels of 1L-2R in coid blood plasma. The 
mtan (x/-i- SRM) plasma IL-2R Ie^/el im eight cord Wood plasma 
samples was 499 (x/-:- 1.1) with a range of 535-760. a value not 
sigoifemlly dinbrent (p > 0. 1) than th>it of 19 normal adults, 
mean ° 5<18 1.2), with a ranyt; of 155-1640. 

In the pre.«nt sladies we have examined the capacity ofCBMC 
to generate both cell-a$soci«lcd and released soluble IL-2R in 
vitro. Freshly isolated CBMC like normal adult PBMC did toi 
express mcasurahlc 11--2R prior to activation, and ccjrd lilcHXl 
plasma contained levels of soluble IL-2R comparable to aduit 
plasma. Fullowinu cellular activation in ivVrwwith PHA and the 
murine monoclonal antibody 0KT3 reaciins wiih the I'-cell 
nntigcn receplof comple.\, CBMC prt>duccd both cellular arid 
supernatant 1L'2R. The amounts oriL-2R produced were irotn- 
parable to those made by aduH mononucleac cells, with the 
exception ihui CBMC produced significantly less .lupcmatatit 
soluble IL-2R when stimulated with 0KT3, No differences were 
observed between cord blood mononuclear and adult Ccll.-i i n the 
kinetics of IL-2R production following PHA stimulation. 

Recent studies have demonstrated thai )U-2 plays a critical 
role in the maturation and reguiaiion of the iminunc response 
(8), Previous studies had demonstrated that IL-2 production by 
PHA-siimulaie<] cord blgod cells is normal 00). The normal 
proliferative responses observed with CBMC suggested that II.. 
2R expres-sion by such colls might be normal. Our interest, 
however, \yas in v?heihcr CBMC might produce inci'easeU 
amounts of cellular and/or .soluble IL-2R following activation. 
As the released in vilro soluble IL-2R is capabit of binding IL-2 
(Rubin LA. Jay C. Nelson DL, unpublished daw), thcw mole- 
cules are candidates for mediating immunosuppression^ a phe- 
nomenon well rccoiinii:<xl with CBMC (5-7, 10). In addition, 
our previous siud!e.-i u.'iing the monoclonal antibody 7C7B6 and 
How iiiicrofluorimctry suggested that CBMC produced more 
cellular IL-2R than adult mononuclear cells (16). In the present 
-ttudies we found that with PHA activation. CBMC produced 



CclUilarand supernatani IL-2R levels comparable to adult cells, 
and with 0KT3 stimulation the production of cellular but not 
supernatant IL-2R wa.s equivaJcnt to aduli cells. These differ- 
ences riiighi be due to the fact that PHA and OKT3 stimiilateT 
cells via different ceil surface molecules (17, 1 8). or alternatively, 
may relate to the fact that 0KT3 stimulates cells via the T-cell 
anlilsen reccpior^a complex which may not be fully functional 
in neonatal T cells. It should be stressed, however, that the 
differences were only observed for supernatant 1L-2R and that 
all CBMC tnade supernatant 1L-2R. In addition, it should be 
pointed out thai the U.-IX present in the culture supcrnatants 
from CBMC h known only to be imrtiurtorcactivc receptor, and 
studies are plSnncd to attempt to comparn the binding aflmity 
of the soluble IL-2R from CBMC and adult PBMC. In soluble 
form, OKT3 stimulation of T cells is monocyte dependent (19), 
the present results suggest that this monocyte (unction is largely 
normsi among neonatal rnonncyies, a finding consistent with 
previous work on antigen presentation by such cells (20. 21), 
The present .litudie.-; with 0KT3 suggest that activation of neo- 
natal T Cells through the antigen receptor complex is pos.siblc 
and such activpted cells express norroal amounts of 1L-2R. 
However, ihcsc activated cells may rdcasc less 1L-2R than adult 
cells. The raeelianism(s) for this hyporesponjivcncss remain to 
be elucidated. Previously wc had interpreted the levels of IL-2R 
in the .ixrum/plnsin.T of noimal licahhy adults as twirig the result 

of ongoing .nimulaiion of the immune .sy.stem with everyday 
exposure to exogenous antigens (Rubin LA. unpublished data). 
The finding of plasma levels ofIL-2R In cord blood comparable 
Lo adults suggests that this IL-2 might be the result of lympho- 
poiesis or be Of maternal origin rather than exogenous antigenic 
stimulation. Abnormal levels of plasma or.-«;rum levels of IL-2R 

in pcdialric patients might therefore be iiidicative of immuno- 
dejiciency diseases and/or lymphoproliferaiivc disorders, 
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